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We review the construction of the Af = 2 U(N) gauge model and the analysis of vacua 

■ of the model. On the vacua, Af = 2 supersymmetry is spontaneously broken to Af = 1, 

1} , n 

P—i ' and the gauge symmetry is broken to a product gauge group J^J U(Ni). The masses of the 

supermultiplets appearing on the Af — 1 vacua are given. We provide a manifestly Af — 2 



supersymmetric formulation of the U (N) gauge model coupled with Af — 2 hypermultiplets, 
and show that Af — 2 supersymmetry is partially broken down to TV* = 1 spontaneously. 



(N 

. §1. Introduction 

(N 

CN ■ Until mid nineties, partial breaking of global extended supersymmetries was 

thought not to be possible. The statement is as follows: 
Start with the M -extended supersymmetry algebra 



{Q I a ,Qja]=25 a6l 5 I jH , I,J=1,...,M 



Qh' This implies that 



-S: 2 J ff = ^||Q /(i |0)|| 2 V/. 

^ ■ a 

^ ■ If Qj\0) = for some I, then H = 0. This implies that Qi\0) = for 



all I because the right hand side is positive definite. On the other hand, 
if Qj\0) ^ for some I, then H > 0. This implies that Qi\0) ^ for all 
I. Thus, in an N -extended global supersymmetric theory, either all or no 
supersymmetry is spontaneously broken. 
Obviously, this does not apply to local supersymmetry, because the Hilbert space 
metric is not positive definite. For the rigid case a loophole for this statement is to 
use the supercurrent algebra, and the most general form is 

{Ql,S%(x)} = 2{a n ) a &5jT™{x) + (OadC/ (1-1) 

where 5^} are extended supercurrents, T™ is the stress-energy tensor and Ci J is a 
field independent constant matrix, which is permitted by the constraint for the Jacobi 

*' Talk given by H.I. at the international workshop "Frontier of Quantum Physics", February 
17-19, 2005, Yukawa Institute for Theoretical Physics, Kyoto University, Japan, and talk given by 
M.S. at the workshop "Progress of Quantum Field Theory and String Theory", February 6-7, 2006, 
Osaka City University Advanced Mathematical Institute (OCAMI), Japan. 
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identities. 1 ) The new term does not modify the supersymmetry algebra on the fields. 
Partial supersymmetry breaking discussed in the present paper corresponds to this 
case. 

Besides active researches on the non-linear realization of extended supersym- 
metry in the partially broken phase, a model in which linearly realized M = 2 
supersymmetry is partially broken to N = 1 spontaneously was given by Anto- 
niadis, Partouche and Taylor (APT) 2) (see also 3)4)5)). APT model is M = 2 
supersymmetric, self-interacting U(l) model with one (or several) abelian N = 2 
vector multiplet(s) A^ with electric & magnetic Fayet-Iliopoulos (FI) terms. In 
7)8), we have generalized this model to the U(N) gauge model and shown that the 
M = 2 supersymmetry is partially broken to M = 1 spontaneously. Further in 9), 
we have analyzed the vacua with broken gauge symmetry and revealed the M = 1 
supermultiplets on the vacua. In addition, a manifestly N = 2 supersymmetric for- 
mulation of the U (N) gauge model coupled with/without N = 2 hypermultiplets was 
given in 10) by using unconstrained M = 2 superfields on harmonic superspace. 11 ) 
We introduce the magnetic Fayet-Iliopoulos term so as to shift the auxiliary field 
in J\f = 2 vector multiplet by an imaginary constant. We find that in presence of 
hypermultiplets in the fundamental representation of U(N), the magnetic FI term 
develops an additional term which overcomes the difficulty 4 ) 5 ) in coupling funda- 
mental hypermultiplets with the APT model. In these models, the renormalizability 
is not imposed and the prepotential T appears from the beginning. Thus, our model 
should be regarded as a low-energy effective action for systems given by M = 2 bare 
actions spontaneously broken to N = 1. See 12)13)14)15) for related references. 

This paper is organized as follows. In the next section, M = 2 U (N) gauge 
model is constructed by requiring N = 1 U(N) gauge model to be 9^-invariant. 
The 91-action is composed of the discrete element of the SU{2) .R-symmetry, the 
automorphism of J\f = 2, and a sign flip of the FI D-term. M = 2 supersymmetry 
transformations are given in section 3. In section 4, we analyze the vacua of the 
model, and find that N = 2 supersymmetry and the U{N) gauge symmetry are 
partially broken to J\f = 1 and W L U(Ni), respectively. We clarify the mass spectrum 
of the model, and reveal the M = 1 supermultiplets on the vacua in section 5. In 
section 6, we discuss the N = 2 supercurrents and the "central charge" in (|lTj) . The 
last section is devoted to a manifestly M = 2 supersymmetric formulation of the 
U(N) gauge model coupled with J\f = 2 hypermultiplets, and we show that M = 2 
supersymmetry is spontaneously broken to N = 1. 

§2. Af = 2 U(N) gauge model 

We introduce an J\f = 1 chiral superfield, <P(x m ,6) = ^^q 1 ^ a t a , where 
N x N hermitian matrices t a (a = 0,...,N 2 — 1) generate ■u(iV) algebra, [i a ,^] = 
i/ab^c, tr(t a ift) = ^S a b, (to generates the overall u(l)). The kinetic term for A 
(<P 9 (A, tp, F)) we use is given by the Kahler potential for the special Kahler geom- 
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(2-5) 

J v a^V a 



etry 

C K = j d 2 6d 2 6 K($ a ,$* a ), K = % -($ a Tl - <P* a T a ), (2-1) 

where T a = -§§z an d F ls an analytic function of <P. The Kahler metric g a b* = 
d a db*K\ = ImJ^abj admits U(N) isometry generated by holomorphic Killing vec- 
tors k a = k a b db and k* a = k* b db with 

k a b = -ig bc *d c *V a , K h = +ig ch * d c V a , (2-2) 
where V a is called as the Killing potential. In the present case, V a is give by 

V a = ~\{F b flA* c + nftA c ) . (2-3) 
A a and T\> transform in the adjoint representation of U(N) 

k a d c A» = f ac A\ k c a d c T h = -f c ab Fc ■ (2-4) 

To gauge this isometry, we introduce an N = 1 vector superfields, V(x m ,6,6) = 
Ef=o _1 yat a, y a ^ «, A a , D a ). The U (N) gauging is accomplished by adding 18 ) 19 ) 

c r = J d 2 dd 2 e r, r= f da ei av ^ ka - k ^v c V, 

For the gauge kinetic term, we introduce 

C W 2 = ~\J d 2 6 r ab W a W b + c.c. W a = -^DDe~ v D a e v = W a a t a (2-6) 

where T a b{^) is an analytic function of In addition, we introduce a gauge invariant 
superpotential term and the FI D-term 20 ) 

C w = J d 2 9 W(0) + c.c. , C D = £ j d 2 6d 2 6V° = V2£D°. (2-7) 

In summary, the total Lagrangian of the M = 1 U (N) gauge model is 

C = Ck + Cr + £yv 2 + £w + C-d ■ 
The auxiliary fields are evaluated as 

D a = D a - (T^) ab {\V b + V2^5° b ) , D a = -%T^) ah (d d r b ^ d X c + d d .T^ d X c ) , 
F a = F a - g ab *d b *W\ F a = -g ab * {-{d b *r* cd \ c \ d - \g cb *, d ^ d ), 

F *a = p*a _ g ba*Q bW _ p*a = _ g ba* (»^ Tcd A c A d - \g h c* .d* W) , 

(2-9) 

where {T2) a b = im 7"ab> and D a , F a and F* a are fermion bilinear terms. Eliminating 
auxiliary fields by using the above expressions and defining covariant derivatives by 

V m V a = d m V a - \ft c v h m V c , \P = {A, ^ A}, 

v m r = v m r + r b a c v m A b ip c , v a mn = o m v a n - d n v a m - \n c v h m v c n , (2-10) 
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the total action is summarized as C = £kin + £pot + ^Pauii + £ Yukawa + £fermi 4 with 
£kin = -g ab *V m A a V m A* b - \(r 2 ) ab v a mn v bmn - ±Rer ab e mn ™v a mn v b q 

+ [-\T ab \ a a m V m \ b - l -g ab «r<? m V' m ^ b + c.c], (2-11) 



£ P ot = ~\ (^ 1 ) a6 fa + Vk%) fa + v^ 6 °) - g ab *d a Wd b *W*, (2-12) 

-Cp au li = \-i^-d c T ab ^O n o m \ a V b mn + C.C.] , (2-13) 

^Yukawa = \~\ (d a d b W - g cd * d c W g ad * , b ) VV - - A g cd *d d *W*d c T ab \ a \ b + 



c.c. 



+[^±g ac ,k* b c - ^ (r^) cd (±P d + v^) d a r b )j + c.c] , 

(2-14) 

Aermi* = [- % -d c d d r ab ^ d \ a \ b + c.c] (2-15) 

Now, we require that the action is invariant under 91-action, 9^ : S — ► S. The 
9^-action is composed of a discrete element of the SU (2) R-symmetry, automorphism 
of Af = 2, and a sign flip of the FI parameter 

R ■■ ( £ ) — > ( f X a ) & flc , ( 2 - 16 ) 

so that _A where we have made the sign of the FI parameter 

manifest. This ensures the N = 2 supersymmetry of our action as follows (see 
also Appendix A in 7)). By construction, the action is invariant under the first 
supersymmetry 6 m S( + & = 0. Acting £H on it, we have 

S m S^=0 ^ R(S m )S^ = % X(5 m )S( + ® = , (2-17) 

which implies that the resulting 9^-invariant action is invariant under the second 
supersymmetry 5 m = %\(5 m ) as well. 

In 7), we find that the action is invariant under £H-action, and thus N = 2 
supersymmetric, if 

T ab = Fah, W = eA° + mF . (2-18) 
The 9^-action on the auxiliary fields are 

F a + g ac *d c *W* -► F* b + g db *d d W, D c + ^g cd V d - (D c + ^g cd V d ) (2-19) 
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or equivalently, F a — ► F* a , D a — ► —D a , which are consistent with the 9t- action on 
the fermions. 

§3. Af = 2 supersymmetry transformation 

We construct the second supersymmetry transformation by applying the fr- 
action on the first supersymmetry transformation 

S m A a = V2 m i; a , 5 m ip a = iV2a m mV m A a + V2 m F a , 

5 Vl v a m = i m a m X a - iX a a m fji , S m X a = a mn m v a mn + i m D a . (3-1) 

The fR-action on the fields is summarized as 

A/ - ( ^1) — ( Ka) - A*» = e IJ Xf , e 12 = e 21 = 1 , (3-2) 



F a = F a - g ab *d b *W* — ► F* a - g ab *d b *W* , (3-3) 

= D a - (r^r b (\n + V2ts o b ) -b a - (r^r b {\v h - v^ ) (34) 

while A a and fH-invariant. For 8A a and Sv^ (6 = 5 m + S m ) to be 9t- 

invariant, the supersymmetry parameters rji and 7/2 must form a doublet rjj = 

(^^j f ^77 1 = r] 1 = e IJ r)j . As a result, we obtain the N = 2 supersym- 
metry transformation 

<5/4 a = \/2r7jA Ja , (3-5) 
8v a m = iVjO- m X Ja - iXj a a m ff J , (3-6) 
SXf = (a mn Vj )v a mn + V2i{a m r,j)V m A a + i(r ■ D a )j K rj K - l - V j f a bc A* b A c , (3-7) 

where r are Pauli matrices, and 3-dimensional vector D a is given by 

D a = D a - V2g ab *d b * (£A*° + MF$) , (3-8) 
D a = (£>?, L>2, £3) = (v^Im^-v^ReF",^), (3.9) 
5 = (0, - e , , M = (0, -m, 0) . (3-10) 

This would be SU(2) covariant if D a transformed as a triplet. In reality, the rigid 

SU(2) has been gauge fixed by making S and M. point to specific directions. 

/A°\ f—M\ 
Under the symplectic transformation, fi = j — > AG, /l G S'p(2,M), [ g j 

changes to I I = A I I . So the electric and magnetic charges are inter- 

changed (£' ,A4 f ) = {M.,—8) when yl = ^ 0^)' ex Pl ams the name of the 

electric and magnetic FI terms (see §7). 

The D a is not real but complex, Im D a = 8 a (—\/2m) (0, 1,0) . As is seen in 
subsection 4.2, this is necessary for the partial supersymmetry breaking. 
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§4. Analysis of vacua 

We examine vacua of the model and find that the N = 2 supersymmetry and the 
U(N) gauge symmetry are partially broken to J\f = 1 and Y\ i U(Ni), respectively. 
The scalar potential of our model is given by V = — £ po t 



1 i. 1 ~a ~*b 



pa = g ab Vb = -ifa A* b A c , 



V = \gabV a V h + L -g ah D a ■ D° , I D a = -V2g ab "d b *(£A*° + M^) (4-1) 

( =V2g ab *(0,d b *W*,-Z5° b ) . 

We require the positivity of the metric. The first term vanish when (A r ) = 0, where 
A = A a t a = AHi + A r t r with ti(t r ) € (non-)Cartan. The vacua are specified by 8 ) 

f)V i 

(^) = -(T abc D h -D c )=0. (4-2) 

This determines the vacuum expectation value ((A 1 )). 

Let Ejj = 1, ■ ■ ■ , N) be the fundamental matrix, which has 1 at the 
component and otherwise. u(N) generators are given by 



Cartan : H L = E i± , tr(i^) 2 = 1 (4-3) 



and A is expanded as A = A%+A r t r = A^Hi+^(A^E±+AzE^) with A% = ±A^ . 

The ordinary Cartan generators U and Hi above are related by t L = O^Hj. 
For concreteness, we consider the prepotential 

Non- vanishing (Tab) and (F a bc) are 

[Fii) , (^iy.iu) = (d 2 F/d$fd$^) , (Fiji) , (^i,±ij_,±ij_) , (Fi,±y,±ij) , (4-6) 

and so the metric (gab) is diagonal. The vacuum condition reduces to 

0=(^ m D L -D L ) Vi (4-7) 

because (D r ) ~ (g rs (S5° s + MT^ S )) = . The points specified by (.%) = are not 
stable vacua because (djpi*V) = 0. At the stable vacua, we have 

(A ■ A) = where (D L ) = O^(Dj) = ^=(o, e + \m(T* A ), . (4-8) 

We have determined the vacuum expectation values (( )) 
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((g u )) = , ((&)) = -^=(0, -i, ±1) . (4-10) 

- m vat 



and thus 



The positivity of the metric implies > 0, so that on the vacua, we have 

((V)) = =F2m£ = 2|m£|. (4-11) 

4.1. Gauge symmetry breaking 
Let ((A)) be 

((A)) = diag(A«, • - , A«*, >), • - , ■ • • ) , '£N i = N (4-12) 

i 

where are complex roots of (|4-9j) . then U(N) is broken to JT^ U(Ni), because 

[S|,(A)]= T i(Ai-A^J. (4-13) 

Unbroken IliU(Ni) is generated by i Q G {t a | [t a , ({A))] = 0}, while broken ones by 
tfj, S {t a |[*ai ((A))] 7^ 0}. As will be seen in the next section, the mass spectrum is 
expressed in terms of unbroken t a and broken ta, only. For later use, we note that 
for a given t a , there exists a unique tp, such that [t u , (A)] ~ tp, which implies that 
/ A Ai = _ / M A £. 

4.2. Partial super symmetry breaking 

The supersymmetry transformation of fermions reduces on the vacua to 

«*A/» = i(((r • £>V>Wj while ((<5A/)) = (4-14) 

because ((D r )) = 0. Note that ((det(r • D 1 -))) = — {{D*- • £>-)) = 0, thus supersymme- 
try is partially broken on the vacua. In fact 

((^=6(Xi±^))) = ±im^(mTm) , ((-^=5(Ai T ^))) = 0. (4-15) 

The former implies that (("^^(A 1 ± = ±2im^o(r/i =F ffi)- As will be seen soon, 
-^(A°±^°) is massless and thus is the Nambu-Goldstone (NG) fermion for the partial 
breaking of N = 2 supersymmetry to J\f = 1. We note that partial supersymmetry 
breaking is possible only if Im ((D a )) ^ 0. 

§5. Mass spectrum 

5.1. fermion mass spectrum 

We find that the fermion mass term reduces to 

((^Yukawa)) = ^ (M aa ) T J \«j + ^ (M^)/ X V j + C.C. (5-1) 
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M aa = ^V 0Qa ))(r • «£>«») = y «JW> ( ^ ^\ ) , (5-2) 
= -M- m = -L((g^))f£ k \** ( J J ) ■ (5-3) 

Because detM aa = 0, the fermions X} contain massless modes, while all of the 
fermions Aj are massive. Taking the normalization of the kinetic terms into account, 
we find fermion masses on the vacua 



field 


mass 


label 


# of polarization states 







A 


2d u 




\m((g aa T 0a a})\ 


B 


2d u 


A? 




C 


4(iV 2 - d u ) 



(5-4) 



where d u = dimj^ U(Ni). We obtain the NG fermion -^(A ± tp ) associated with 
the overall U(l) part. 

5.2. boson mass spectrum 

Gauge boson mass term emerges from the kinetic term 

" «Acin» = \((9aa'))fLv b m X C f^viX* C ' = \\f^\ 2 V^ , (5-5) 

which implies that Vm are massive while massless. The scalar mass term is 
extracted by substituting A a = {{A a )) + 5A a into V 

((d a d b *V))5A a 5A* b + l -((d a d b V))5A a 5A b + ±((d a *d b *V))5A* a 5A* b = ±^M ab 5A b 

(5-6) 

where 6A a = and 
M aa = m 2 ((g aa \F 0aa \ 2 ))( 1 °A , (5-7) 

M -V-» ( ^ - (/ S Ai)2 V-((,-))T-^° ° )t(5.8) 

m W — 2 \\W// I _^yi_\j2 \f^.\i\ 2 J ~ 2 • 9 ^'' y0 2|/ M A i | 2 J ' 

The massless mode (T5A' M )i is absorbed into Vm as the longitudinal mode to form 
massive vector fields. The resulting boson mass spectrum is summarized as 



field 


mass 


label 


# of polarization states 


v a 

u m 





A 


2d u 


A a 


\m((g aa Fo aa ))\ 


B 


2d u 


vWi 




C 


m 2 -d u ) 


{TA») 2 




C 


N 2 -d u 



(5-9) 
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Due to the J\f = 1 supersymmetry on the vacua, the modes in (|5-4|) and 1)5-9(1 
form J\f = 1 multiplets as follows. First, fields labelled by A, (-^(^ a ± ■ip a ),v% l ), 

form massless M = X vector multiples of spin(i,l). Secondly, those labelled by 
B, (A a , -^{^ a T form massive M = 1 chiral multiplets of spin(0, ^). Finally 

those labelled by C, ((7W)2, , Vm), form two massive N = 1 vector multiplets of 
spin(0, |, 1). The masses for these multiplets are depicted in Figure 1. 




-1 -1/2 1/2 1 -1 -1/2 1/2 1 -1 -1/2 1/2 1 



Fig. 1. TV = 1 supermultiplets 



§6. Supercurrents and "central charge" 

U(1)r transformation is given by 

R: $(x,e,6) -^e ia $(x,e- i! 5 0,e), W a (x, 6, 0) -»■ W a (x, e~^B, 6). (6-1) 

If T transforms as weig ht two, R : T -► e 2iOL T, then our action is invariant under R 
and the associated U(1)r current J rn is 

Ba m B J m = 6J9 = (r 2 ) ab (e\ Ia OXf + iA* a 6 V m a m 9A b ) = (r 2 ) afe (Sj^e) .(6-2) 



Acting a supersymmetry transformation on this we obtain M = 2 supercurrents 21 ) 22 ) 
r,jSW m + fjjS (J)m = -\{r 2 ) ab tr(a m 8f b ) (6-3) 

where tr is for spinor indices. 

Though the i?-current is not conserved for general we can construct a con- 
served J\f = 2 supercurrent as a broken M = 2 supermultiplet of currents. We write 
T = Y,n h nC (n) {A a ) where C^(A a ) are n-th order U(N) invariant polynomials in 
A a and h n are their coefficients. First, we assign weight (2 — n) to h n . Then the 
weight of T can be regarded as two. The local U(1)r variation of C implies 



0„ 



i t ra">j) = i (y> -i)JL^C = AhC . (6 . 4) 

Acting the supersymmetry transformation on it, and noting that SC = d m X m with 
some X m and that A^OmX™ 1 = d m AhX m , we obtain a general construction of the 
conserved N = 2 supercurrents of our model; 

^ (J)m + n J S^ = -hiia m SJ) - A h X m . (6-5) 
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The term AhX m is not universal but depends on the concrete form of T. It should 
be difficult to find the universal coupling to supergravity. 

Further action of the supersymmetry transformation generates 

9SSJ9 = 8m£ 9f\ n r]9 + • • • , (6-6) 

from which we can read off the constant matrix Ci J in (jl-lj) as Ci J = +4m£(Ti)i J . 

§7. Af = 2 U(N) gauge model coupled with M = 2 hypermultiplets 

In this section we provide a manifestly M = 2 supersymmetric formulation of 
the M = 2 U(N) gauge model coupled with M = 2 hypermultiplets. 10 ) For this we 
work in harmonic superspace 11 ) M 4 ' 8 x S 2 parametrized by 

(x 7 X,9 ± ,e ± ,uf) = (x m -2i6 I a m 6 J u+u- y 9 I uf,e I uf,uf) (7-1) 
in the analytic basis, uf are harmonic variables parametrizing S 2 = SU(2)/U(1) 



{uj,uj) e SU(2) , u +I uJ = 1 , u +I = uj . (7-2) 

We introduce an M = 2 vector multiplet V ++ (x m , 9 + ,9 + ) = V ++a t a transform- 
ing as adjoint under U{N). V +Jr is composed of a complex scalar A, a vector v m , 
an SU(2) doublet Weyl spinor and an auxiliary field D IJ . D 1 j = ejkD ik = 
%D (ta) 1 J is an SU(2) matrix and D A is a real three-vector D A = D A . By using 
the field strength W of V ++ the action for V ++ is constructed as 

Sy = ~lj ^ tt D ^ W ^ ~ (VfHW)] , (7-3) 

where (-D) 4 = j^(D + ) 2 (D~) 2 and are the spinor harmonic derivatives. 11 - 1 A's 
parametrize the special Kahler geometry with the Kahler metric g a b = Im(jF ab |) 
where J- a b—\ means J- a b-- evaluated at 9^ = 9 = 0. The metric admits U(N) 
isometry generated by Killing vectors with the Killing potential V a = —if^A^A . 

The J\f = 2 hypermultiplet q + is composed of an SU (2) doublet complex scalar 
f 1 , a pair of SU (2) singlet spinors and infinitely many auxiliary fields. We introduce 
two sets of N = 2 hypermultiplets, Nf hypermultiplets q +u (u = 1, • • • ,N) and 
N a hypermultiplets q +a (a = 0, 1, • • • ,N 2 — 1) which transform as fundamental 
representation and adjoint representation under U(N), respectively. We suppress 
flavor indices below. The U(N) gauged action is given by (w-hypermultiplets are 
also included in ref.10)) 

gauged = _ J dud ^(-i) [q+V ++ q +u + qtV ++ q +a ] (7-4) 

where the tilde denotes the analyticity preserving conjugation. 11 - 1 The covariant 
derivative is defined as V ++ q + ^ = D ++ q+^ + iV ++a (T a y u q +v where D ++ is the 
harmonic derivative 11 ^ and 

/"TV - / (taYv for fundamental q + , , 

[la) v -\ a d(t a ) b c = if b ac for adjoint q+ ' 
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The U(N) isometry gauged above is generated by Killing vectors with Killing po- 
tentials 

{ % I ^J 1 ^ Where Qa = if { »(TaYvf J)U ■ (7-6) 

I «a — «0 lT a =ad(t a ) 

Next we introduce the electric and magnetic FI terms. The electric FI term is 
given by 

S e = J dud((- 4 hi(~ ++ V ++ ) + c.c. = J d*x£ IJ D$j + c.c. (7-7) 

where S ++ = £ IJ ufuj is the electric FI parameter. The effect of this term is to 
shift the dual auxiliary field Dff J in Wfy = T a by an imaginary constant, D^ J — ► 
D^ J + 8i^ D J 5^. We introduce the magnetic FI term so as to shift the auxiliary field 
D aIJ in W a by an imaginary constant, D aIJ -> D aIJ = D aIJ + 4i£ /J Jg. By this, 
the Af = 2 supersymmetry transformation law 5 v X aI = (D 0- ) 1 jr] J + • • • changes to 
S^X 0-1 = {D a y jn J + • • • , under which the total action 

S = S v + Sf augod + S e + S m (7-8) 

is invariant. It is straightforward to see that the magnetic FI term of the form 

S m = J d 4 x [{Df&drfj {T + 2iF 00 ^ L e K 9 L ) + 2iQ^ D/J ] + ex. (7-9) 

causes the imaginary constant shift of the auxiliary field 

S v + 5f uged + S m = (S v + Sf ugod ) I d ^ d (7-10) 

where \d->d means the replacement D aIJ — > D a7J [D aIJ — > D aIJ ). We find that 
in the presence of hypermultiplets in the fundamental representation of the gauge 
group U(N), the magnetic FI term develops an additional term which overcomes 
the difficulty in coupling fundamental hypermultiplets with the APT model. The 
adjoint scalars do not appear in (|7-9[) because ad(to) = 0. 

It is straightforward to eliminate infinitely many auxiliary fields in q + and the 
auxiliary field D in V ++ and obtain the scalar potential 

V = ^g ab D aIJ \D b u \ + g ab V a V b + 2i(£ /J + f J )(Zdij - £dh) 

+7 I u(AA + AA)\f Iv + f a {AA + AA)\f Ib (7-11) 



where 



D aIJ \ = -2g ah 



The vacua are determined by V and exhibit various phases. On the Coulomb phase 
pi» + 0, ((A*)) = {{£)) = ((//» = and thus «Q£ J )> = «Q£ J » = 0. In this way 
we have arrived at the vacuum condition for J\f = 2 U (N) gauge model without 
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hypermultiplets, ((d A *V)) = \{{F abc \D hA D cA )) = 0. Let us examine the case with 
T = Y^n ^jtoW 71 for concreteness. Then it further reduces to 

J2i(D iA Di A }} = , i = l,---,N. (7-12) 

A 

It is easy to show that by fixing SU{2) appropriately ((Tii)) = — 2(^ ± i J-) in (|4-9|) 
can be reproduced. On the vacua the super symmetry transformations of fermions 
are found to be trivial except for 

((6^ I ))=i((Di A ))(T A ) I JV J . (7-13) 

On the other hand the mass term of A- is 

- 1 -((^ m D^ a ))X^(t 2 t a )jj)^ j . (7-14) 

Because ()7-12|) implies that detD-^j = 0, a half of the fermions X- 1 , I = 1,2, say 
U 1 j\- J with a constant matrix U 1 j, is massless but has a nontrivial supersymme- 
try transformation. In the ordinary basis spanned by matrices t a , this means that 
U 1 j\ 0J is the NG fermion for partial supersymmetry breaking. 
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